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Abstract— The aim of this paper is to introduce the design 
techniques used to develop the antenna measurement system for 
the Terasense Project. This project, funded by the Spanish 
Government, involves millimetre-wave systems design. One of 
these systems is an antenna measurement facility. 
The antenna measurement system operates in a banded range of 
frequency. The lower frequencies deal between 75-110 GHz 
(WR10 operation range) and the upper frequencies are set 
between  220-325 GHz (WR03).  
Among the different possible configurations, the reflector-based 
compact range is chosen. The quiet zone is generated by a 
serrated-edge reflector, fed by a low gain horn. In this paper we 
will focus on the reflector design. A serrations study is carried 
out and quiet zone acquisition results are obtained. 
I. INTRODUCTION 
Compact range is a usual setup for antenna measurement. 
The system generates far field conditions inside a volumetric 
region, which is called quiet zone (QZ). There, amplitude and 
phase distributions should be as homogeneous as possible. 
The antenna under test is placed inside the QZ and its 
radiation pattern is measured operating it as a receiving 
antenna. 
The principle of operation for the compact range system 
consists on generating a local plane wave. To reach this 
purpose, collimators are used in several configurations. 
Transmission type collimators are implemented with lenses 
[3], whereas reflectors are normally used as reflection-type 
collimators. 
The performance of a compact range involves the quality of 
the plane wave as well as instrumentation issues, such as the 
dynamic range of the transmitter-receiver. In this paper, we 
will focus on the improvement of the quiet zone distribution. 
For this purpose, a conformed serrated-edge will be designed 
for the reflector. 
II. ALGORITHM OVERVIEW 
The base structure that the algorithm is able to analyse is 
shown in Fig 1. For high performance QZ, reflectors must be 
large in terms of wavelength [4]. This is a main constraint in 
reflector analysis-design tasks, so the algorithm has been 
designed to be computationally efficient. 
 
 
Fig. 1 System to be designed 
 
Plane wave spectrum formulations [1,2,5] offer high-
accuracy results in addition with flexibility and computational 
efficiency. Our object of study is the radiation which is 
reflected from the reflector to the z>0 hemisphere [7,8,9]. 
This radiation is acquired in parallel planes z=zi. To obtain 
these results, the algorithm formulation considers the currents 
distribution that the feeder sets over the reflector and 
propagates it through the z+ direction. The currents 
distribution is easily obtained under the hypothesis that the 
reflector is in the far field region of the low gain horn, which 
is used as feeder. 
 
 
Fig. 2 Analysis algorithm 
A brief summary of the developed algorithm is shown in 
Fig. 2. On it, D(θ,φ) is the radiation pattern of the feeder. 
The reflector is an offset parabola whose projected surface is a 
polygonal shape univocally determined by the location of its 
vertices. From theory [1,2], it is known that the far field of the 
reflector is obtained through Fourier analysis of the polygonal 
shape in addition with the illumination set by the feeder. The 
algorithm is able to obtain W(u,v), which is the analytical 
inverse Fourier Transform (AIFT) of the polygonal projected 
surface [6]. The plane wave spectrum distribution of the 
reflector illuminated by the feeder is shown as Ê(u,v). This 
spectrum is propagated to a z=zi plane (Ê(u,v;zi)) with 
the propagation constant kz, defined in Eq. 1. The Electric 
field E(x,y;zi) is obtained in the plane of interest using Eq. 
2. 
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Equation 1 - Propagation constant kz 
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Equation 2 - PWS propagation 
 
III. DESIGN PRINCIPLES 
The algorithm is able to calculate the AIFT of an arbitrary 
polygonal surface [6]. This is a design key, given that we can 
flexibly modify the geometry of the reflector, which is has a 
major influence in the QZ performance. QZ requirements 
involve amplitude as well as phase ripple for the electric field. 
 
A. Parametric model for the reflector 
 
 
Fig. 3 Parametric modelling of a reflector 
A first step in the design process is to choose the base 
shape of the reflector, which will be square in our case. 
Design involves the selection of an optimal set of parameters 
that characterise the reflector. Fig. 3 shows an example of 
parametric modelling for a square serrated-edge reflector. In 
this scheme, 2·r is the inner side length, h is the serration 
depth and Nver is the number of serrations per side. 
 
 
B. Edge shaping 
A serrated edge can drastically improve the performance of 
the reflector. Literature offers several alternatives for reflector 
edge design [4,5]. Within serrated edge alternatives, triangular 
and cosine-shape serrations are common solutions, whereas 
rolled edge reflectors are a different alternative on which we 
will not focus. 
 
Fig. 4. Shows an E-field x-axis cut comparison between a 
simple square reflector and a triangular serrations reflector. 
The field is acquired at zi=1 m far away from the reflector, 
with a frequency of operation of 100 GHz. The inner square 
side is 2·r=0.6 m and the serrated reflector has Nver=7, 
h=0.1 m serrations per side. 
 
 
Fig. 4  Amplitude and phase comparison, triangular serrations. 
 
As it can be observed from graphs, linear serrations 
improve ripple for amplitude distribution as well as for phase. 
It is interesting to note that amplitude tapper in both cases is 
due to spherical wave propagation towards the reflector. A 
reduction of this amplitude difference is possible if a 
subreflector is added to the compact range setup. 
 
A comparison for cosine-shape edges is shown in Fig. 5. 
The square reflector is the same as shown in Fig. 4, whereas 
Nver and h parameters remain the same. 
 
IV. DESIGN PROCESS 
The design process acts on the reflector parameters to reach 
a design whose field distributions fulfill concrete 
specifications.  
  
Fig. 5 Amplitude and phase comparison, cosine shape serrations. 
 
A. Performance indicators 
 
In our case, specifications involve the ripple in amplitude 
and phase distributions, so it is necessary to develop an 
amplitude/phase ripple evaluator inside a certain area of 
interest. It is common to express this region of interest as a 
fraction (ρeff) of the square area inside the reflector, as it can 
be seen in Fig. 6. 
 
B. Design surfaces 
 
Inside this area, amplitude and phase distributions are 
evaluated for a concrete set of reflector parameters and their 
root mean square values are obtained and compared to our 
specification figures. It is useful to draw 3D graphs with the 
ripple value as a function of two independent design variables.  
 
Doing this, it is possible to know which is the ripple local 
tendency inside a 2-dimensional design domain and deduce 
design conclusions, relating geometrical parameters with 
electrical specifications.  
 
Fig. 6 Ripple evaluation area. 
 
 
Fig. 7 Amplitude and phase ripple as a function of (r,h) parameters 
 
Fig. 7. shows the rms values of amplitude (in dB) and phase 
(in degrees) for a  triangular serrations reflector when varying 
the parameter r and the serration height h. Field acquisitions 
are taken at zi=1m away from the reflector and frequency of 
operation is 300 GHz. Comparing these figures with the 
specifications and weighing the relevance of each ripple, it is 
possible to draw a specifications accomplishment graph, as 
shown in Fig. 8. In this graph, we show which is the degree of 
requirements extra accomplishment. 0% indicates that rms 
ripples are just the specification values, or out of specification 
values, whereas positive values indicate the percentage of 
ripple specifications below which the simulation results are.  
 
 
Fig. 8  Requirements accomplishment modifying (r,h) parameters 
 
As it can be deduced from Fig. 8, the most satisfactory 
results are obtained for serrations close to h=10 cm long and 
highest internal square dimensions r. The maximum 
dimensions of the reflector are directly related to the 
manufacture cost, so the figure (2·r+2·h) is mostly 
determined by the budget. 
 
Fig. 9 Amplitude and phase ripple as a function of (Nver,h) parameters 
 
C. Serrated edge design 
 
A second step in the design deals with the optimal 
combination of number of serrations Nver and their depth h. 
Given an internal side of 2·r=0.6 m, a reasonable design 
domain sets h = {0,…, 0.1} m, while a first approach to the 
number of serrations will be Nver={3,…,11}. At 300 GHz, 
Fig. 9 shows amplitude and phase ripples in the described 
domain of design (h,Nver). Fig. 10 summarizes the 
requirements accomplishment; the distribution suggests to use 
as many serrations as possible, with high depth h. This is a 
conclusion which advises a translation in the (h,Nver) 
design domain, as schematized in Fig. 11. The direction of 
translation is determined by the gradient of specifications 
accomplishment surface. Doing this, we move from the design 
domain DA to the new one DB, in which h = {0.11,…,0.15} 
and Nver={11,…,20}. Fig. 12 shows an overview of 
amplitude and phase ripples, which are summarized in the 
specifications accomplishment in Fig. 13. A comparison 
between Fig. 10 and Fig. 13 shows that the specifications 
surface concavity must be always seen as a local property 
inside the design domain and. Thus, it is not easy to 
extrapolate local design conclusions to contiguous domains of 
design. 
 
Fig. 10  requirements accomplishment as a function of (Nver, h) 
V. DESIGN VALIDATION 
After the design process, a concrete reflector with cosine-
shape serrations is chosen. The design vector (r,h,Nver) is 
set to (0.3 m, 0.11 m, 11) and Fig. 14 shows the reflector and 
its projected rim. Fig. 15 shows its corresponding amplitude 
and phase cuts at 300 GHz for an acquisition distance of 
zi=1m. Fig. 16 offers cuts at 100 GHz. 
 
 
Fig. 11 Local design domain selection 
 
 
Fig. 12 Amplitude and phase ripples inside DB domain 
 
Fig. 13 Specifications accomplishment for the DB domain 
 
Once we have a concrete design, it is important to have a 
volumetric idea of the quiet zone. For this purpose, amplitude 
and phase ripple figures are calculated varying the acquisition 
plane zi away from the initial position zi=1 m, as can be 
observed in Fig. 17. These data offer an idea of the quiet zone 
field distribution in the z direction. As it is clear, amplitude as 
well as phase ripples increase when moving away from the 
reflector, so the depth of the QZ will be bounded by the 
reflector size [8]. 
VI. CONCLUSIONS 
CATR design tasks have been carried out in the field of the 
reflector design. A square size collimator with cosine-shape 
serrations is able to fulfill our requirements, with a total size 
below 1 meter of side. Future work will focus on millimeter 
wave instrumentation setup and QZ field correction 
techniques. 
 
 
Fig. 15 Amplitude and phase distributions at 300 GHz for the final design 
 
Fig. 16 Amplitude and phase distributions at 100 GHz for the final design 
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Fig. 14 Reflector appearance and projected edge 
 
 
Fig. 17 Ripple evolution with z direction 
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